AQUEOUS HYDROGEN PEROXIDE SOLUTIONS 
AND METHOD OF MAKING SAME 



[0001] This application claims the benefit of our copending provisional 
application 60/414,327 filed September 30, 2002 which is relied and incorporated 
herein by reference. 

Introduction 

[0002] The present invention relates to specific aqueous hydrogen peroxide 
solutions that are characterized by a maximum amount of alkali metals, alkaline earth 
metals, and amines having a pk B of less than 4.5, and that are particularly suitable for 
use in processes for the epoxidation of olefins. In another aspect, the present 
invention relates to a process for the preparation of such an aqueous hydrogen 
peroxide solution. 

Background of the Invention 

[0003] Today, the vast majority of hydrogen peroxide is produced by the well- 
known anthraquinone process. A survey of the anthraquinone process and its 
numerous modifications is given in G. Goor, J. Glenneberg, S. Jacobi: "Hydrogen 
Peroxide" Ullmann's Encyclopedia of Industrial Chemistry, Electronic Release, 6 th ed. 
Wiley- VCH, Weinheim June 2000, page 14. Generally, the anthraquinone loop 
process comprises the following steps: 

(a) Hydrogenation of a working solution comprising an organic solvent 
or mixture of organic solvents, and one or more active anthraquinone compounds; 

(b) oxidation of the resulting hydrogenated working solution to form 
hydrogen peroxide; 

(c) extraction of hydrogen peroxide with water; 
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(d) stabilizing of the extracted aqueous hydrogen peroxide solution; 

(e) drying of the working solution after extraction; and 

(f) regeneration and purification of the working solution. 

[0004] For each of the above distinct process steps, the Ullmann reference 
discloses numerous different possibilities. 

[0005] Crude hydrogen peroxide solutions or concentrated hydrogen peroxide 
solutions obtained from the anthraquinone process contain a plurality of compounds in 
addition to hydrogen peroxide in low concentrations. These compounds are either 
impurities or additives like stabilizers. The impurities are compounds that are 
extracted from the working solution into the aqueous phase. They are mainly ionic or 
polar species like carboxylic acids, alcohols, carbonyl compounds and amines. These 
impurities are therefore also found in commercial hydrogen peroxide solutions. 

[0006] For example, hydroquinone solvents that are commonly used in the above 
described process are nitrogen containing compounds like amides and ureas (see 
Ullmann supra page 6). Particularly preferred are tetraalkyl ureas like tetrabutyl urea. 
The use of these solvents result in amine impurities like monoalkyl or dialkyl, 
especially monobutyl and dibutyl, amines in the final hydrogen peroxide solutions. 
For example, the commercial hydrogen peroxide solution HYPROX® available from 
Degussa AG contains up to 200 wppm mono- and dibutyl amine based on the weight 
of hydrogen peroxide. 

[0007] Depending on the final use of the hydrogen peroxide solutions, it is also 
known to conduct additional purification steps in order to obtain the required 
specification for the respective use of the hydrogen peroxide solution. 

[0008] For example, DE-A 100 26 363 discloses a purification process for 
aqueous hydrogen peroxide solutions, whereby the solutions are treated with an anion 
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exchange resin, a nonionic absorbing resin having a specific structure, and a neutral 
absorbing resin also having a specific macroporous structure. The hydrogen peroxide 
solutions obtained in this way are substantially free of cationic, anionic and organic 
impurities. Therefore, the solutions are particularly useful in microelectronics 
applications. 

[0009] Similarly US-A 4,999,179 discloses a process for purification of 
hydrogen peroxide solutions that contain, after purification, each metal cation in an 
amount of less than 5 ppb, each anion in an amount of less than 10 ppb and organic 
impurities in an amount of not more than 5 ppm in terms of total organic carbon 
content. 

[0010] The drawback of such methods is that the purification is extremely 
expensive and can therefore, for economic reasons, not be used for the preparation of 
chemical mass products like propylene oxide. Furthermore, such highly purified 
hydrogen peroxide solutions are substantially free of anionic components like 
phosphates and nitrates that are necessary for the stabilization of aqueous - especially 
highly concentrated - hydrogen peroxide solutions for safety reasons. 

[0011] From EP-A 100 1 19, it is known that propene can be converted by 
hydrogen peroxide into propene oxide if a titanium-containing zeolite is used as 
catalyst. 

[0012] Since then, many investigations with respect to the effect of the addition 
of basic, acidic and ionic compounds either during preparation of the titanium silicalite 
catalyst or their presence in the reaction mixture on the activity and selectivity of the 
catalysts have been published. 

[0013] From EP-A 230 949, it is known to neutralize the titanium silicalite 
catalyst either prior to its use in an epoxidation reaction or in situ with strong bases 



-3- 



thereby introducing large amounts of alkali metal or alkaline earth metal ions into the 
reaction mixture. Said neutralization resulted in an increase in activity and selectivity 
to the desired olefin oxide in a batch process. 

[0014] The experiments in EP-A 757 043, however, show that in a continuous 
process the activity is considerably reduced if the catalyst is neutralized prior to or 
during the reaction. Therefore, it is suggested to treat the catalyst prior to or during 
the epoxidation reaction with a neutral or acidic salt. The experimental data in EP-A 
757 043 confirm that by addition of neutral or acidic salts the selectivity is increased 
but the activity is less reduced compared to the addition of a base. But EP-A 757 043 
only shows examples wherein the catalyst is treated with the salt prior to the reaction 
and the catalyst is used in slurry form. Additionally, the experiments were only run 
for 8 hours but nevertheless show a dramatic drop in catalyst activity only after 4 
hours, which is by no means acceptable for an industrial process. 

[0015] Similarly, EP-A 712 852 teaches that by performing an epoxidation 
process catalyzed by titanium silicalite in the presence of a non-basic salt the 
selectivity is increased. All the examples are run in batch operation mode with a 
stirred catalyst slurry for one hour. Although it can be confirmed that the presence of 
non-basic salts may have a positive influence on catalyst selectivity in a short term 
experiment, it was discovered that even if non-basic salts are present in a reaction 
mixture for a continuous epoxidation reaction the activity and selectivity drops 
dramatically over time. Thus, the teaching of EP-A 712 852 does not lead to a 
reaction system that can be economically employed in a continuous epoxidation 
process using hydrogen peroxide in the presence of a heterogeneous catalyst. 

[0016] In WO 00/76989, the influence of ionic components in commercially 
available aqueous hydrogen peroxide solutions that are used in epoxidation reactions 
as described in the above prior art documents is discussed. Ionic components, 
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especially phosphates and nitrates, are added to commercially available aqueous 
hydrogen peroxide solutions as stabilizers to reduce hazardous decomposition of 
hydrogen peroxide. Contrary to the disclosure in the above prior art documents, WO 
00/76989 teaches that the presence of ionic components in the reaction mixture - even 
those that have been added as stabilizers to commercial hydrogen peroxide - is 
detrimental to the long term selectivity in a continuous titanium silicalite catalyzed 
epoxidation reaction and should therefore be reduced to a minimum. 

[0017] Contrary to the above prior art documents, continuous reactions running 
up to 300 hours were conducted showing that if ionic components are present in an 
amount of more than 100 ppm the long term selectivity is reduced. To solve this 
problem, it is suggested to remove ionic components from hydrogen peroxide 
solutions prior to use in epoxidation reactions by means of ion exchangers. Moreover, 
WO 00/76989 teaches that ammonium compounds and ammonia should be avoided 
under any circumstances since these compounds may lead to undesired side products 
by oxirane ring opening reactions with the formed olefin oxide. Although the teaching 
in WO 00/76989 leads to some improvement in long term selectivity compared to the 
above art, this improvement is still insufficient for an industrial scale process. 
Furthermore, this improvement can only be achieved with the complicated and, both 
in terms of investment and process costs, economically undesirable additional process 
step of ion exchange. Last but not least, removal of stabilizing ions like phosphate and 
nitrate from the hydrogen peroxide solution makes the process more hazardous and 
additional measures have to be taken to ensure safety during the entire process. 

[0018] Contradicting the teaching of WO 00/76989, WO 01/57012 discloses that 
the use of crude hydrogen peroxide solutions directly obtained from the anthraquinone 
process having large amounts of, for example, sodium, nitrate, phosphate, and organic 
impurities, is superior with respect to product selectivity compared to highly purified 
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hydrogen peroxide solutions containing very low amounts of sodium, nitrate, and 
phosphate. The experiments, however, were only conducted for a few hours so that 
the long term activity and selectivity of the catalyst cannot be determined from that 
reference. 

[0019] Again another approach is disclosed in WO 01/92242, wherein a titanium 
silicalite catalyzed process for epoxidation of olefins using crude hydrogen peroxide 
solutions in the presence of a compound having aminocarbonyl functionality in which 
the nitrogen bears at least one hydrogen atom is disclosed. The examples show a 
batch type process that is conducted up to a conversion of hydrogen peroxide of 85%. 
After two hours the reaction is terminated even if the conversion of 85% has not been 
reached. Although the experimental data show an improvement with respect to the 
reaction rate compared to compounds with aminocarbonyl functionality having no 
hydrogen atom bonded to the nitrogen atom, long term activity and selectivity of the 
catalyst in a continuous process is not determinable from the information in WO 
01/92242. 

[0020] DE-A 199 36 547 discloses a continuous titanium silicalite catalyzed 
process for epoxidation of olefins with hydrogen peroxide whereby the conversion is 
kept constant by increase of reaction temperature and adjusting the pH of the reaction 
mixture. In a long term experiment (1000 hours), it could be verified that by adjusting 
the pH the increase in temperature and the rate of increase could be reduced compared 
to an experiment without pH adjustment. But conversion and selectivity were the 
same, irrespective of whether the pH was adjusted or not. 

[0021] Thus, the object of the present invention is to provide an aqueous 
hydrogen peroxide solution that can be economically produced, that can be safely 
handled, stored, and shipped, and that is suitable for the epoxidation of olefin in the 



presence of a heterogeneous catalyst and leads to improved long term activity and 
selectivity of the catalyst. 

Summary of the Invention 

[0022] In carrying out the present invention there is prepared an aqueous 
hydrogen peroxide solution comprising: 

i) less than 50 wppm of a member selected from the group consisting 
of an alkali metal, an alkaline earth metal or combinations thereof in total, irrespective 
whether the alkali or alkaline earth metals are present in cationic or complex form; 

ii) less than 50 wppm of amines having a pk B of less than 4.5 or the 
corresponding protonated compounds in total; and 

iii) at least 100 wppm anions or compounds that can dissociate to form 
anions in total, 

whereby the wppm are based on the weight of hydrogen peroxide. 

[0023] This inventive aqueous hydrogen peroxide solution can be obtained by a 
process for the preparation of the hydrogen peroxide solution according to the 
anthraquinone loop process comprising: 

(a) hydrogenation of a working solution comprising an organic solvent 
or mixture of organic solvents and one or more active anthraquinone compounds, 

(b) oxidation of the resulting hydrogenated working solution to form 
hydrogen peroxide, 

(c) extraction of hydrogen peroxide with water, 

(d) stabilizing of the resulting extracted aqueous hydrogen peroxide 

solution, 
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(e) concentrating the aqueous hydrogen peroxide solution to a 
concentration of hydrogen peroxide of at least 50% by weight based on the weight of 
the hydrogen peroxide solution, 

(f) drying of the working solution after extraction, and 

(g) regeneration and purification of the working solution, and during 
the entire process neither alkali or alkaline earth metals nor amines having a pk B of 
less than 4.5 or compounds forming such amines during the process are introduced in 
amounts that result in amounts of 

i) 50 wppm or more of alkali metals, alkaline earth metals or 
combinations thereof in total, irrespective whether the alkali or alkaline earth metals 
are present in cationic or complex form; or 

ii) 50 wppm or more of amines having a pk B of less than 4.5 or 
the corresponding protonated compounds in total; 

in the resulting aqueous hydrogen peroxide solution, where the 
wppm are based on the weight of hydrogen peroxide. 

[0024] The hydrogen peroxide solution of the present invention is particularly 
suitable for use in a process for the epoxidation of olefins in the presence of a 
heterogeneous catalyst. It is a surprising result of the present invention that a 
hydrogen peroxide solution fulfilling the above-specified requirements and that can be 
safely handled, stored, and shipped, can easily be prepared in an economical process. 
Furthermore, surprisingly, this aqueous hydrogen peroxide solution leads to an 
improved long term activity and selectivity of the heterogeneous catalyst in an 
epoxidation process. Consequently, the overall economics of an epoxidation process 
can be considerably improved using the inventive aqueous hydrogen peroxide 
solution, since the solution itself can be economically produced and leads to reduced 
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deactivation of the catalyst so that the operation time between regeneration cycles in 
the epoxidation process can be increased. 

Detailed Description of the Invention 
[0025] The present inventors have thus discovered , contrary to the teaching of 
the prior art, that the presence of alkali metals and alkaline earth metals above a 
certain limit are detrimental to the activity and selectivity of the catalyst employed in 
epoxidation reactions of olefins. Moreover, the inventors have recognized that - in 
addition to alkali metals and alkaline earth metals - amines having a pk B of less than 
4.5 are even more detrimental to the activity and selectivity of the catalyst, and 
therefore their content in hydrogen peroxide solutions that are used in epoxidation 
reactions of olefins has to be carefully controlled to be below the specified limits. On 
the other hand, anions like phosphate or nitrates, that are frequently used to stabilize 
aqueous hydrogen peroxide solutions, have no or only very little effect on the activity 
and selectivity of the epoxidation catalyst. Since these anions are necessary for the 
stabilization in order to ensure safety of handling, storing, and shipping of the aqueous 
hydrogen peroxide solution, they should be present in stabilizing amounts of at least 
100 wppm based on the weight of the hydrogen peroxide in the solution. 

[0026] Contrary to the teaching of the prior art, neither the use of crude hydrogen 
peroxide solutions obtained from the anthraquinone process without carefully 
controlling the amount of alkali metals and amines having a pk B below 4.5, nor the use 
of purified hydrogen peroxide solutions, where in addition to the metal cations also the 
stabilizing anions have been removed, are suitable for an economical process for 
epoxidation of olefins. 

[0027] Although an amount of alkali metals or alkaline earth metals of less than 
50 wppm based on the weight of hydrogen peroxide in the solution is acceptable, it is 
preferred to reduce the amount of these components to be less than 40 wppm more 
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preferred less than 35 wppm, in order to further improve the long term activity and 
selectivity of the catalyst. 

[0028] So far, in the literature, the detrimental effect on amines having a pk B of 
less than 4.5 on the long term selectivity and activity of an epoxidation catalyst has not 
been recognized. 

[0029] The effect of the presence of such amines is even more pronounced than 
the effect of the alkali metals or alkaline earth metals. Therefore, it is particularly 
preferred to reduce the amount of amines having a pk B of less than 4.5 in the aqueous 
hydrogen peroxide solution in total to less than 40 wppm, preferably less than 30 
wppm, more preferably less than 20 wppm and most preferably less than 10 wppm, 
based on the weight of hydrogen peroxide in the solution. 

[0030] Especially detrimental to the activity and selectivity of the epoxidation 
catalyst is the presence of alkyl amines, especially secondary and tertiary alkyl 
amines. 

[0031] Another surprising result of the inventors' investigations is that although 
amines having a pk B below 4.5 above certain amounts dramatically reduce the long 
term activity and selectivity of the epoxidation catalyst, the addition of at least 100 
wppm of bases having a pk B of at least 4.5 even improve the long term activity and 
selectivity of the epoxidation catalyst. Thus, according to a preferred embodiment of 
the present invention, the aqueous hydrogen peroxide solution contains in addition at 
least 100 wppm of bases having a pk B of at least 4.5, or the corresponding protonated 
compounds in total based on the weight of hydrogen peroxide. 

[0032] These bases may be either introduced during the process for preparation 
of the hydrogen peroxide or may be added to the hydrogen peroxide solution at any 
stage between production of the solution and final use in the epoxidation reaction. 
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[0033] Such bases are preferably present in the hydrogen peroxide solution in an 
amount of at most 3000 wppm in total, more preferred from 150 to 2000 wppm, 
particularly preferred from 200 to 1500 wppm, and most preferred from 300 to 1200 
wppm, based on the total weight of hydrogen peroxide. 

[0034] Such bases are preferably selected from organic amines and amides 
having a pk B of at least 4.5, organic hydroxylamines having a pk B of at least 4.5, 
ammonia and hydroxylamine. Ammonia is particularly preferred. 

[0035] It is a particular advantage of the hydrogen peroxide solutions of the 
present invention that anions can be present in the usual stabilizing amounts. These 
stabilizing anions are preferably any kind of oxophosphorous anions like 
orthophosphate, hydrogen phosphate, dihydrogen phosphate, pyrophosphate, nitrate. 

[0036] These stabilizing anions, or compounds that can dissociate in the 
hydrogen peroxide solution to produce these stabilizing anions, are preferably present 
in an amount of at most 1000 wppm, preferably 100 -1000 wppm, more preferred 200 
- 800 wppm, most preferred 200 - 600 wppm, based on the weight of hydrogen 
peroxide. 

[0037] Thus, the hydrogen peroxide solution of the present invention ensures 
high selectivity and activity of a catalyst in the epoxidation reaction without 
compromising safety when handling, storing, and shipping the hydrogen peroxide 
solution. 

[0038] Another advantage of the hydrogen peroxide solution of the present 
invention is that it can be easily produced in an economical way employing the well- 
known anthraquinone process, whereby additional purification steps are not necessary 
and are preferably not carried out when conducting the process of the present 
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invention. The only requirement for the process of the present invention compared to 
the known modifications of the anthraquinone process is that the process has to be 
carefully controlled to avoid introduction of alkali metals, alkaline earth metals, 
amines having a pk B of less than 4.5, or compounds that may form, during the 
anthraquinone process, such amines during the preparation of the hydrogen peroxide 
solution in amounts that would result in concentrations above the limits specified 
according to the present invention. 

[0039] Although many variations of the anthraquinone process to achieve this 
requirement are conceivable, it is particularly preferred to use a working solution that 
is essentially free of organic nitrogen compounds, to dry the working solution in above 
step (f) without using alkali metals or alkaline earth metal compounds that are in the 
anthraquinone process of the prior art commonly employed for drying, and to 
regenerate the working solution in step (g) by treating with active aluminum oxide. 
Preferably, drying is conducted by water evaporation in vacuum. 

[0040] Thus, the process of the present invention provides the inventive 
hydrogen peroxide solution that is particularly useful in epoxidation reactions without 
employing cost- and labor-intensive purification steps. It follows that a crude 
hydrogen peroxide solution obtained from the process of the present invention can be 
used directly without any further purification steps. 

[0041] It is preferred to concentrate the hydrogen peroxide solution to a 
hydrogen peroxide concentration of more than 50% by weight, preferably more than 
60% by weight, most preferred from 60 to 70% by weight, based on the total weight of 
the hydrogen peroxide solution. The inventors have recognized that such concentrated 
hydrogen peroxide solutions are particularly useful in the epoxidation reaction since 
they further improve the long term activity and selectivity of the catalyst. 
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[0042] The hydrogen peroxide solution of the present invention can be employed 
in any epoxidation reaction using hydrogen peroxide known in the art. It is 
particularly preferred to use the present hydrogen peroxide solution in a continuous 
epoxidation process conducted in the presence of a water-miscible solvent and a 
heterogeneous catalyst. Preferably, the solvent is methanol, the olefin is propene, and 
the heterogeneous catalyst is a titanium silicalite catalyst. 

[0043] The invention will now be explained in more detail with reference to the 
following examples. 

Examples : 

Example 1: 

[0044] Preparation of an aqueous hydrogen peroxide solution according to the 
present invention. 

[0045] In a trial plant for the loop process according to the anthraquinone process 
for the preparation of hydrogen peroxide comprising the steps of hydrogenation, 
oxidation, extraction, drying, and regeneration, a working solution is used comprised 
of 0.11 mol/1 2-ethyl anthraquinone, 0.29 mol/1 2-ethyl tetra-hydroanthraquinone, 0.13 
mom 2-isohexyl anthraquinone, and 0.12 mom 2-isohexyl tetra-hydroanthraquinone in 
a solvent mixture comprising 75 vol% of C 9 /C 10 alkyl substituted aryl compounds, and 
25 vol% of tris(2-ethyl hexyl) phosphate. In the hydrogenation step, a loop reactor 
was run at a hydrogen pressure of 0.35 MPa and a temperature of 58°C. Palladium 
black (0.5:1 g/1) was used as hydrogenation catalyst. The hydrogen peroxide 
equivalent in the hydrogenation was 13.0 g/1. 

[0046] After the hydrogenation, a part of the hydrogenated working solution is 
regenerated using active aluminum oxide. Thereafter, the combined working solution 
is oxidized using the Laporte oxidation as described in Ullmann, supra, page 14. 
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Thereafter, the hydrogen peroxide is extracted using deionized water. To the 
extraction water, 50 ppm H3PO4 and 20 ppm HN0 3 , both based on the weight of the 
hydrogen peroxide were added. The concentration of the extracted aqueous hydrogen 
peroxide solution was 41%. The working solution was dried by water evaporation in 
vacuum, and thereafter recycled to the hydrogenation step. The crude hydrogen 
peroxide solution was stabilized using 200 ppm sodium pyrophosphate based on the 
weight of hydrogen peroxide and concentrated in vacuum by water evaporation. 

[0047] The hydrogen peroxide concentration of the solution obtained in this way 
was 43 wt-%, based on the total weight of the solution, and contained 250 mg/kg H 2 0 2 
phosphates, 20 mg/kg H 2 0 2 nitrate, and 30 mg/kg H 2 0 2 of sodium. 

Examples 2 to 5 and Comparative Examples 1 to 3: 

[0048] The hydrogen peroxide solution obtained from Example 1 is concentrated 
to a hydrogen peroxide concentration as indicated in Table 1. 

[0049] Additionally, alkali metal ions and/or amines having a pk B of less than 
4.5 are added as indicated in Table 1. Furthermore, ammonia is added in an amount of 
500 wppm (1000 wppm ammonia in example 5), based on the weight of hydrogen 
peroxide. 

[0050] A titanium silicalite catalyst was employed in all examples. The titanium 
silicalite powder was shaped into 2mm-extrudates using a silica sol as binder in 
accordance with Example 5 in EP-A 1 138 387. 

[0051] Epoxidation is carried out continuously in a reaction tube of 300 mm 
volume, a diameter of 10 mm, and a length of 4 m. The equipment further comprises 
three containers of liquids and relevant pumps and a liquid separation vessel. The 
three containers for liquids contained methanol, the hydrogen peroxide solution, and 
propene. The reaction temperature is controlled via an aqueous cooling liquid 
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circulating in a cooling jacket, whereby the cooling liquid temperature is controlled by 
a thermostat. The reaction pressure was 27 bar absolute. Mass flow of the feeding 
pumps were adjusted to result in a propene concentration of 38 wt-%, a methanol feed 
concentration of 48.7 wt-%, and a hydrogen peroxide feed concentration of 8 wt-%. 
The reactor was operated in down-flow operation mode. The cooling jacket 
temperature was adjusted to 35°C and total mass flow was 0.35 kg/h. Product output 
and propene oxide concentration were determined by gas chromatography, and the 
hydrogen peroxide conversion by titration. The selectivity of hydrogen peroxide with 
respect to propene oxide was calculated. 

[0052] The results are given in Table 1 . 



Example 


Addition 
[mg/kg H 2 0 2 ] 


H 2 0 2 
concentration 
[wt-%] 


Running 
time 
[h] 


CH2O2 
[%] 


SH2O2 to PO 
[%] 


2 




60 


649 


95 


91 


3 


Na 25 


70 


754 


95 


90 


4 


Li 25 


60 


988 


94 


89 


5 




60 


2356 


94 


90 


CI 


Na 20; dibutyl 
amine 135 


43 


2083 


26 


72 


C2 


methyl amine 100 


60 


1193 


22 


81 


C3 


170 


60 


1007 


89 


79 



Table 1 



[0053] In Table 2, the pk B values for nitrogen-containing bases are given. 
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Table 2 



Bases 


pk B 


Ammonia 


4.76 


Methyl amine 


3.36 


Dibutyl amine 


2.75 



[0054] As is evident from the experimental results summarized in Table 1, high 
hydrogen conversions and selectivities can be maintained for a long running time of 
the experiment if the alkali metal concentration is below 50 wppm, based on the 
weight of hydrogen peroxide. When looking to the comparative examples, it becomes 
evident that if the claimed limits for alkali metal ions and amines having a pk B below 
4.5 are exceeded, the conversion as well as the selectivity of the catalyst dramatically 
drops over time. 

[0055] Further variations and modifications of the foregoing will be apparent to 
those skilled in the art and are intended to be encompassed by the claims appended 
hereto. 



-16- 



